Introducing the
Next Generation Science Standards

Leading Change Conference

Lacey Wieser
Director K-12 Science Education
Lacey.wieser@azed.gov

(XX A rizona

Department of Education



Overview for Today

Provide information about the NGSS
« standards development process
« reading and navigating the NGSS
* next steps for Arizona

NEXT GENERATION

SCIENCE

For States, By States



The Framework outlines a vision of science
learning that leads to a new vision of teaching.

A FRAMEWORK FOR
K-12 SCIENCE
EDUCATION

Practices, Crosscutting Conceprs, and Core Ideas
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Download the Framework for K-12 Science Education
http://www.nap.edu/cataloqg.php?record 1d=13165



http://www.nap.edu/catalog.php?record_id=13165

Structure of the Framework

The Framework for K-12 Science
Education contains three dimensions:

» Scientific and Engineering Practices
 Disciplinary Core Ideas
» Crosscutting Concepts



Scientific and Engineering Practices

Asking gquestions and defining problems
Developing and using models

Planning and carrying out investigations
Analyzing and interpreting data

Using mathematics and computational thinking
Developing explanations and designing solutions
Engaging in argument from evidence

Obtaining, evaluating, and communicating
Information
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Connect to ACCS Mathematics
Connect to ACCS ELA



Crosscutting Concepts

« Patterns, similarity, and diversity
Cause and effect

Scale, proportion and quantity
Systems and system model
Energy and matter

Structure and function

Stability and change

Provides conceptual framework to connect
understandings into a coherent and scientifically-
based view of the world



Disciplinary Core ldeas (DCIs)

Focus on the most important aspects of science
across four domains:

= physical sciences

* |ife sciences

» Earth and space sciences

* engineering, technology and applications of science



Three Dimensions Intertwined

« Written as performance
expectations (PES)

Cross-Cutting
\ Concepts

* Require contextual
application of the three
dimensions
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Shifts in the NGSS

1. Reflect the interconnected nature of science and engineering as
It is practiced and experienced in the real world.

Provide student performance expectations, not curriculum
Build science concepts coherently from K-12

Focus on deeper understanding and application of content
Integrate science and engineering K-12

Prepare all students for college, career, and citizenship

N o o A~ D

Align with the Common Core State Standards (English
Language Arts and Mathematics).

NEXT GENERATION See Appendix A for more details
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http://www.nextgenscience.org/sites/ngss/files/Appendix A - 4.11.13 Conceptual Shifts in the Next Generation Science Standards.pdf
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Explore the
NGSS

Y
The Next Generation Science
Standards are released

xplore the standards

Latest News

Final Next Generation Science
Standards Released

Update on the Final Release of
the Next Generation Science
| Standards
Mm-mmmbmmmedmm ch 28, 2013
msswwbmdmmmmwx—fzsmmm NSTA Statement.on Release of

_developed by the National Research Council. Second Public Draft of the Next
Generation Science Standards

This website and the Next Generation Science
Standards are © 2013 Achieve, Inc. All rights reserved.
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‘The Next Generation Science Standards

& Printer-friendly version

The Next Generation Science Standards are now available. Twenty-six states and their broad-based teams worked together with a 41-member

Woughout the country to develop the standards.

4
NGSS Front Matter

NGSS Structure

Appendlces to the NGSS:
A. Conceptual Shifts

B. Responses to May Public
Feedback

C. College and Career
Readiness (Coming Soon)

D. All Standards, All
Students (Coming Soon)

E. Disciplinary Core Idea
Progressions

F. Science and Engineering
Practices

G. Crosscutting Concepts
H. Nature of Science

. Engineering Design in
the NGSS
J. Science, Technology,

Society, and the
Environment

K. Model Course Mapping i
Middle and High
School (Coming Soo

Connections to

(%

~

Download PDFs of the NGSS:

Arranged by Disciplinary Core Idea (DCI) _
Arranged by Topic (N

Interactive versions of the standards will be available soon.

he NGSS are composed of the three dimensions from the NRC Framework. Click on the links to the left
learn more about the standards
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DCI Arrangement Coding

2-LS2 Ecosystems: Interactions, Energy, and Dynamics

2-LS2 Ecosystems: Interactions, Energy, and Dynamics

Students who demonstrate understanding can:

2-LS2-1. Plan and conduct an investigation to determine if plants need sunlight and water to grow. [sfssessment Boundary: Assessment
is limited to testing one variable at a time. ]

2-LS2-2. Develop a simple model that mimics the function of an animal in dispersing seeds or pollinating plants.*

The performance expectations above were developed using the following elements from the NRC document A Framewark for K-12 Scierice Edication.

Science and Engineering Practices Crosscutting Concepts

Developing and Using Models LS2.A: Interdependent Relationships in Ecosystems Cause and Effect

Modeling in K—2 builds on prior experiences and progresses to = Plants depend on water and light to grow. (21.52-1) = Events have causes that generate

include using and developing models (i.e., diagram, drawing, = Plants depend on animals for pollination or to move their seeds observable patterns. (2-LS2-1)

physical replica, diorama, dramatization, or storyboard) that around. (2-L.52-2) Structure and Function

represent concrete events or design solutions. ETS1.B: Developing Possible Solutions = The shape and stability of structures
= Develop a simple model based on evidence to represent a = Designs can be conveyed through sketches, drawings, or of natural and designed objcts are

proposed objkect or tool. (2-1.52-2) physical models. These representations are useful in related to their function(s). (2-L.52-2)
Planning and Carrying Out Investigations communicating ideas for a problem’s solutions to other people.
Planning and carrying out investigations to answer questions or {(secoridary fo 24.52-2)

test solutions to problems in K—2 builds on prior experiences and
progresses to simple investigations, based on fair tests, which
provide data to support explanations or design solutions.
= Plan and conduct an investigation collaboratively to produce
data to serve as the basis for evidence to answer a
question. (2-L.52-1)

Connections to other DCIs i second grade: NiA

Articiation of DCis across grade-bands: KILS1.C (2-L.52-1); K-ESS3.A (2-L.52-1); K.ETS1.A (2-152-2); 5.L.S1.C (2-L.52-1); 5.LS2.A (2-L.52-2)

Commor Core State Standards Conrections:

A Al jteracy —

W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations). (2-L52-1)

W.2.8 Recall information from experiences or gather information from provided sources to answer a question. (2-1L.52-1)

SL.2.5 Create audio recordings of stories or poems; add drawings or other visual displays to stories or recounts of experiences when appropriate to clarify ideas, thoughts, and
feelings. (24.52-2)

Mathematics —

MP.2 Reason abstractly and quantitatively, (2+452-1)

MP.4 Model with mathematics. (24 52-1), (24 52-2)

MP.5 Use appropriate tools strategically, (2+452-1)

2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories. Solve simple put-together, take-apart, and compare
problems. (2452-2)




Topic Arrangement Coding

2.Interdependent Relationships in Ecosystems

2.Interdependent Relationships in Ecosystems

Students who demonstrate understanding can:

2-LS2-1. Plan and conduct an investigation to determine if plants need sunlight and water to grow. [sssessmentBoundary: Assessment
is limited to testing one variable at a time. ]

2-LS2-2. Develop a simple model that mimics the function of an animal in dispersing seeds or pollinating plants.*

2-LS4-1. Make observations of plants and animals to compare the diversity of life in different habitats. [Clarification Statement:
Emphasis is on the diversity of living things in each of a variety of different habitats.] [Assessment Boundary: Assessment does not include specific animal and plant
names in specific habitats. ]

The performance expectations above were developed using the following elements from the NRC document A Samework for K-12 Science Education:

Developing and Using Models LS2.A: Interdependent Relationships in Ecosystems Cause and Effect

Science and Engineering Practices

Modeling in K=2 builds on prior experiences and progresses to = Plants depend on water and light to grow. (21.52-1) = Events have causes that generate

include using and developing models (i.e., diagram, drawing, = Plants depend on animals for pollination or to move their seeds observable patterns. (2-LS2-1)

physical replica, diorama, dramatization, or storyboard) that around. (2-LS2-2) Structure and Function

represent concrete events or design solutions. LS4.D: Biodiversity and Humans = The shape and stability of structures

= Develop a simple model based on evidence to represent a = There are many different kinds of living things in any area, and of natural and designed obijects are

proposed object or tool. (2-LS52-2) they exist in different places on land and in water, (2-L54-1) related to their function(s). (2-L52-2)

Planning and Carrying Out Investigations ETS1.B: Developing Possible Solutions

Planning and camrying out investigations to answer questions or = Designs can be conveyed through sketches, drawings, or

test solutions to problems in K=2 builds on prior experiences and physical models. These representations are useful in

progresses to simple investigations, based on fair tests, which communicating ideas for a problkem’s solutions to other people.

provide data to support explanations or design solutions. (secondary to 24 52-2)

= Plan and conduct an investigation collaboratively to produce
data to serve as the basis for evidence to answer a
question. (2-L52-1)

= Make observations (firsthand or from media) to collect data
which can be used to make comparisons. (2-L54-1)

Connections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence
= Srientists look for pattems and order when making
observations about the world. (2-LS4-1)

Carwrections to other DCIs i1 second qrade. NfA

Articuiation of DCIs atross grade-bands: KLS1.C (2-L52-1); K-ESS3.A (2-152-1); K.ETS1.A (2-152-2); 3.L54.C (2-L54-1); 3.L54.D (2-L54-1); 5.LS1.C (2-L52-1); 5.L.52.A (2152-
2), (2-L54-1)

Cormmon Core State Standards Cormrections.

ELAA iteracy —

W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations). (2-LS2-1),(2-LS4-1)

w.2.8 Recall information from experiences or gather information from provided sources to answer a question. (2-LS2-1),(2-LS4-1)

SL.2.5 Create audio recordings of stories or poems; add drawings or other visual displays to stories or recounts of experiences when appropriate to clarify ideas, thoughts, and
feelings. (2452-2}

Mathermatics —

MP.2 Reason abstractly and quantitatively, (2452-13 (2454-1)

MP.4 Mode| with mathematics, (24 82-1 ), (24 82-2), (P4 54-1)

MP.5 Use appropriate tools strategically, (2 82-1)

2.MD.D.10 Draw a picture graph and a bar graph {with single-unit scale) to represent a data set with up to four categories. Solve simple put-together, take-apart, and compare
problems. (24522} (24 54-1}




Topic Arrangement Coding
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Second Grade

The performance expectations in second grade help students formulate answers to questions
such as: “"How does land change and what are some things that cause it to change? What are
the different kinds of land and bodies of water? How are materials similar and different from
one another, and how do the properties of the materials relate to ther use? What do plants
need to grow? How many types of living things live in a place?” Second grade performance
expectations include PS1,1LS2, LS4, ESS1, ESS2, and ETS1 Disciplinary Core Ideas from the AMRC
Framework. Students are expected to develop an understanding of what plants need to grow
and how plants depend on animals for seed dispersal and pollination. Students are also
expected to compare the diversity of life in different habitats. An understanding of observable
properties of materials is developed by students at this level through analysis and classification
of different materials. Students are able to apply their understanding of the idea that wind and
water can change the shape of the land to compare design solutions to slow or prevent such
change. Students are able to use information and models to identify and represent the shapes
and kinds of land and bodies of water in an area and where water is found on Earth. The
crosscutting concepts of patterns; cause and effect; energy and matter; structure and function;
stability and change; and influence of engineering, technology, and science on society and the
natural world are called out as organizing concepts for these disciplinary core ideas. In the
second grade performance expectations, students are expected to demonstrate grade-
appropriate proficiency in developing and using models, planning and carrying out
investigations, analyzing and interpreting data, constructing explanations and designing
solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating
information. Students are expected to use these practices to demonstrate understanding of the
core ideas.
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Design of the Next Generation
Science Standards




Key Design Considerations

 Topics are not intended to be units.
Performance expectations are not seqguential.

Performance expectations indicate what all
students need to know and be able to do at the

end of instruction.

Performance expectations do not indicate all
the instructional steps (or materials) to get to
that end.

NEXT GENERATION
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1-ESS1 Earth’s Place in the Universe

1-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:
1-ESS1-1. Use observations of the sun, moon, and stars to describe patterns that can be predicted. [Clarification Statement: Examples
of patterns could include that the sun and moon appear to rise in one part of the sky, move across the sky, and set; and stars other than our sun are visible at night
but not during the day.] [Assessment Boundary: Assessment of star patterns is limited to stars being seen at night and not during the day.]
1-ESS1-2. Make observations at different times of year to relate the amount of daylight to the time of year. [Clarification
Statement: Emphasis is on relative comparisons of the amount of daylight in the winter to the amount in the spring or fall.] [Assessment Boundary: Assessment is

limited to relative amounts of daylight, not quantifying the hours or time of daylight.]
The performance expectations above were developed using the following elements from the NRC document A Aamework for K-12 Science Education:.

Science and Engineering Practices Crosscutting Concepts

Planning and Carrying Out Investigations ESS1.A: The Universe and its Stars Patterns
Planning and carrying out investigations to answer questions or = Patterns of the motion of the sun, moon, and stars in = Patterns in the natural world can be
test solutions to problems in K-2 builds on prior experiences and the sky can be observed, described, and predicted. (1- observed, used to describe phenomena, and
progresses to simple investigations, based on fair tests, which ESS1-1) used as evidence. (1-ESS1-1),(1-ESS1-2)
provide data to support explanations or design solutions. ESS1.B: Earth and the Solar System
= Make observations (firsthand or from media) to collect data = Seasonal patterns of sunrise and sunset can be
that can be used to make comparisons. (1-ESS1-2) observed, described, and predicted. (1-ESS1-2) Connections to Nature of Science
Analyzing and Interpreting Data
Analyzing data in K-2 builds on prior experiences and progresses to Scientific Knowledge Assumes an Order and
collecting, recording, and sharing observations. Consistency in Natural Systems
= Use observations (firsthand or from media) to describe patterns = Science assumes natural events happen today
in the natural world in order to answer scientific questions. (1- as they happened in the past. (1-ESS1-1)
ESS1-1) = Many events are repeated. (1-ESS1-1)
NEXT GENERATION

SCIENCE
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Key Design Considerations

* PEs are not instructional tasks. The NGSS is designed to
be a set of student performances after instruction.

* PEs were intentionally written at a conceptual level,
leaving instructional procedures to states, districts, and
teachers.

- Assessment Boundary Statements provide further
guidance or specify the scope of the expectation at a
particular grade level for state-wide assessment.

- Clarification Statements supply examples or additional
clarification to the performance expectations.

 The Intersection of the 3 dimensions i1s NOT intended to
limit Instruction or classroom assessment.

NEXT GENERATION
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5-PS1 Matter and Its Interactions

5-PS1 Matter and Its Interactions

Students who demonstrate understanding can:

5-PS1-1. Develop a model to describe that matter is made of particles too small to be seen. [Clarification Statement: Exarmples of
evidence could include adding air to expand a basketball, compressing air in a syringe, dissolving sugar in water, and evaporating salt water.] [Assessment
Boundary: Assessment does not include the atomic-scale mechanism of evaporation and condensation or defining the unseen particles. ]

5-PS1-2. Measure and graph quantities to provide evidence that regardless of the type of change that occurs when
heating, cooling, or mixing substances, the total weight of matter is conserved. [Clarification Statement: Examples of reactions
ar changes could include phase changes, dissolving, and mixing that forms new substances. ] [Assessment Boundary: Assessment does not include distinguishing
mass and weight. ]

5-PS1-3. Make observations and measurements to identify materials based on their properties. [Clarification Staterment: Examples of
materials to be identified could include baking soda and other powders, metals, minerals, and liquids. Examples of properties could include color, hardness,
reflectivity, electrical conductivity, thermal conductivity, response to magnetic forces, and solubility; dersity is not intended as an identifiable property.] [Assessment
Bourdary: Assessment does not include dersity or distinguishing mass and weight.]

5-PS1-4. Conduct an investigation to determine whether the mixing of two or more substances results in new substances.

The perfarmance expectations above Were|deve|oped using the following elements from the NRC document 4 Framgmo'fc for K-12 Science Education:

‘SCIENCE

Far Stiles, By Stabes




Key Design Considerations

Science and Engineering Practice Statements
* Derived from the eight practices in the Framework

« Explain the science and engineering practices important to
emphasize in each grade band

« An individual PE only includes a single practice, but teachers
are encouraged to embed several practices in their
Instruction.

— The intent of the PE is to demonstrate the specific
practice for which all students will be held accountable in
state-wide assessments, not to limit instruction.

— The intersection of the 3 dimensions is NOT intended to limit
Instruction or classroom assessment.

NEXT GENERATION
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MS-ESS1 Earth’s Place in the Universe

MS-ESS1  Earth's Place in the Universe

Students who demonstrate understanding can:

MS-ESS1-1.

MS-ESS1-2.

MS-ESS1-3.

MS-ESS1-4.

Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases,
eclipses of the sun and moon, and seasons. [Clarification Statement: Examples of models can be physical, graphical, or conceptual.]

Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force that holds together the solar system and Milky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance along a football field or computer visualizations of elliptical orbits) or conceptual
(such as mathematical proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary: Assessment does not include
Kepler’'s Laws of orbital motion or the apparent retrograde motion of the planets as viewed from Earth.]

Analyze and interpret data to determine scale properties of objects in the solar system. [Carification Statement:
Emphasis is on the analysis of data from Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar
system objects. Examples of scale properties include the sizes of an object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs, and models.] [Assessment Boundary: Assessment does not include
recalling facts about properties of the planets and other solar system bodies. ]

Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to

organize Earth’s 4.6-billion-year-old history. [Clarification Statement: Emphasis is on how analyses of rock formations and the fossils they
contain are used to establish relative ages of major events in Earth’s history. Examples of Earth’s major events could range from being very recent (such as the
last Ice Age or the earliest fossils of homo sapiens) to very old (such as the formation of Earth or the earliest evidence of life). Examples can include the formation
of mountain chains and ocean basins, the evolution or extinction of particular living organisms, or significant volcanic eruptions.] [Assessment

Boundary: Assessment does not include recalling the names of specific periods or epochs and events within them.]

NEXT GENERATION

CIENCE

STANDARDS
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Appendix F:
Science and
Engineering

Practices / Matrix

Practice 2 Developing and Using Models

Modeling can begin in the earliest grades, with studerts ' models progressing from
coverefe “pictures” andior physicdl scale models (e.g, a fay car) fo more absfract
represevifafions of relevat relafionsiips in lafer grades, such as a diagram represafing

Jorces on aparficiiar ofjectina spsfem. (NRC Framework, 2012, p. 58)

Modelsinclude diagrams, physical replicas, mathematical representati ons, analogles, and computer
amulations. Although models do not correspond exactly to the real world they bring certain features into
focus while obscuting others. A1l models cortain appr oximations and assumptions that limdt the range of
validity and predictive power, soit is important for students to recognize their limitations.

In science, models are used to represent a system (or parts of a system) under study, to ddinthe

devel opment of questions and explanations to generate data that canbe used to make predictions, and to
communicate ideas to others. Students canbe expected to evaluate and refine models thr ough an iter ative
cycle of comparing their predicti ons with the real world and then adjusting them to gain ind ghts into the
phenomenon being modeled. As such, models are based upon evidence. When new evidence is uncovered
that the models can’t explain, models are modified

In engineering, models may be used to analyze a system to see where or under what conditions flaws
might develop, ot to test possible solutions to aproblem. Models can also be usedto visualize andrefine a
design, to communicate a design’ s features to others and as prototypes for testing design performance.

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12
Modeling i K-2 buills anprior | Dodeling i 3-5 builds on K2 Modeling in 6-8 baildds an K-5 Modelingin $-12builds on K-8
experierces and progresses to experienc e avd progresses to experinces and progress:s to experinces md progressesto usivg,
chide usivg and dwelpig builling and revising sinplk demebping wig, md revisng syithesiming, wd devebpingm odek
models {ie., dirgam, drwarg, | Rodls wdusingm odek to modek to descrbe, test, mdpredit | to predict d showrebtiondhips
physicalreplica, diorama, Tepresert everts avd design more abstract prenomera awd design | amang mariabks betwreen systems
damatiztion, ar staryboard ) that Sm system . ard their componerts the rabaal
TeMresent ConTets evants o * Lderdify Imintims Cmodek. | " pryog b pations of amodelfor | 2 desigied workis
design sobtioms. . Cmmd:lb;)df"*d@ wdbr a proposed objct artool » Bmbute merks wd lin tations of
« Distiguish between amodel mi m;'m : ase &‘;‘ « Develop orm odify a model— two diferert models of the same

ardthe actual chject, process, nce. L bk based on emiderce —to match bt proposed tool, process,
ardior everts the m odel rebtinshps aorgv £ happens if 2 mriabk or compaert mechandm or system i orderto
Tepreserts. far frequerd aud regular of a system is changed. sekct orremie a model that best
« Coanparemodek to dertify ;vm“ﬁl' y s Use avdior dewelbp amodel of fits the emiderce or desizn aern.
canmonfeabres amd = f)bp Am. husmg] e simple systems wthancertatiand | = Designa test of amodelto
differerc es. AR DY, EXALP &:r -y less predictable factars. ascertai its relabiliny.
= Devebp md/ar wse am odelto mwh ;dese'n = Develop ndbrrevise a modelto = Develop, revise, andbrus: a
Tepresert am amts, s e '’ showr fhe relatiorships am ang modelbased an eviderce to
relatiorships, rehtime scales Eﬂ and odek to warbles, heliding those thatare ilhstrate avdibor predict the
(biggzer, analkr), mdia " des;']i%-ep . Ia use;;n not obsermable but predict relatinships betreen systems or
pattems i the rabmaland pre obsermable prenam exa. betrreen comporerts of a system .
designed wear fs). ﬁg‘mm& _— = Demelop andibrus amodelto = Demelop andioruse multipk types
» Devebpasimpk modlbasd | ° e.bp 2URGUR T SOp predict wd/ar desabe of models to provide mechanistic
on emiderc e to Tepresert a W““ﬁgwpm cotmera phenomera. accourts wdor predict
proposed object ortool mopoeed dbiject; ool or » Demelop a modelto desarbe era, mdm are fladbly
. 11?::5; b e wobserrable mechardms. betrreenmodel types based on
dffect = Develop ndirus: amodelto merits and Hmitations.
x&nnm‘?’i‘?s o - gerenate datatotestideasabont = Develop a canplex model fhat
of emmgl plenomera hoahml ar desiged allows for mardpabtion amd
m & o7 systems, hehding those testing of aproposed process a
designed system. Tepressrtng kpats md oxtpats, System .
and those at wrobservable scalks. = Demelop mmdirus: amodel
(e hdvg mathem atical and
compuatatianal jto generate dtato
sppat explaatins, predict
plenomera, amakyz: system s,

andior sobme problems.



http://nextgenscience.org/sites/ngss/files/Appendix F  Science and Engineering Practices in the NGSS _0.pdf

Key Design Considerations

Disciplinary Core Ideas (DCIs)
* |Included verbatim from the Framework

* The core idea Is the conceptual culmination of
the learning progression for that grade/grade
band; it does not include all content and skills
the student must learn to get to that end point.

 The intersection of the 3 dimensions iIs NOT
Intended to limit instruction or classroom
assessment.

NEXT GENERATION
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MS-ESS1 Earth’s Place in the Universe

MS-ESS1  Earth's Place in the Universe

Students who demonstrate understanding can:

MS-ESS1-1.

MS-ESS1-2.

MS-ESS1-3.

MS-ESS1-4.

Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases,
eclipses of the sun and moon, and seasons. [Clarification Statement: Examples of models can be physical, graphical, or conceptual.]

Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force that holds together the solar system and Milky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance along a football field or computer visualizations of elliptical orbits) or conceptual
(such as mathematical proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary: Assessment does not include
Kepler’'s Laws of orbital motion or the apparent retrograde motion of the planets as viewed from Earth.]

Analyze and interpret data to determine scale properties of objects in the solar system. [Carification Statement:
Emphasis is on the analysis of data from Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar
system objects. Examples of scale properties include the sizes of an object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs, and models.] [Assessment Boundary: Assessment does not include
recalling facts about properties of the planets and other solar system bodies. ]

Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to

organize Earth’s 4.6-billion-year-old history. [Clarification Statement: Emphasis is on how analyses of rock formations and the fossils they
contain are used to establish relative ages of major events in Earth’s history. Examples of Earth’s major events could range from being very recent (such as the
last Ice Age or the earliest fossils of homo sapiens) to very old (such as the formation of Earth or the earliest evidence of life). Examples can include the formation
of mountain chains and ocean basins, the evolution or extinction of particular living organisms, or significant volcanic eruptions.] [Assessment

Boundary: Assessment does not include recalling the names of specific periods or epochs and events within them.]
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Appendix E: DCI Progressions

_ NEXT GENERATION
SifiCE

T Mar Statex. e States

e ——

Earth Space Science Progression
INCREASING SOPHIST ICATION OF STUDENT THINKING

Far Stales, By Stabes

K-2 3-5 -8 9-12
Stars range greatly in size and Light spectra from stars are used to determine
distance from Earth and this their characteristics, processes, and lifecycles.
can explain their relative Solar activity creates the elements through
ESS1A brightness. nuclear fusion, and short-tenn solar variations
The universe cause space weather and insolation changes that
and its stars Patterns of movement of : : significantly affect hurmanity. The developrment
The solar syst art of the VIl
the sun, moon, and starsas Shyinte bebidedl sl il of technologies has provided the astronorical
Way, which is one of many billions of : =t :
seen fromFEarth can be galaxies data that provide the errpirical evidence for the
ohserved, described, and ' Big Bang theory.
predicted. Kepler’ s laws describe common features of the
ESS1 B The Earth’s orbit and rotation, | The solar systemn contains many vanied | motions of orbiting objects. Observations from
Fart] ’ dihe and the orbit of the moon objects held together by gravity. Solar | astronomy and space probes provide evidence
aolas anstem around the Farth cause system models explain and predict for explanations of solar system formation.
& ohservable pattems. eclipses, lunar phases, and seasons. Changes in Farth’stilt and orbit cause clirmate
changes such as Ice Ages.
: The rock record resulting from tectonic and
ESS1.C Some events on Farth Certtain features on Earth can 5:8?:::‘? aﬁﬂz gOrSSﬂ .fg?;il badtioe other geoscience processes as well as objects
The history of | occur very quicldy; others | be used to order events that AR e f%raﬁor hiatesisi from the solar system can provide evidence of
planet Earth can occur very slowdy. have occurred in a landscape. Seertein Farbea et ory.J Earth’s eafly }ﬁsftoory atxild the relative ages of
major geologic formations.
Four trajor Earth systems
interact. Rainfall helps to shape Energy flows and matter cycles within | Feedback effects exist within and among Farth’s
ES52.4 the land and affects the types of and among Farth’s systems, including | Systems.
Earth Wind and water change living things found ina region the s sl Fartht a4 ma’ior’as e
rmgttzina:sand the shapeoftar{and. ‘:nfgttr, fgf ‘;lrlgk ?E%ai;;lssrgﬂ’s energy sources. Flate tectonicsis one Radioactive decay and residual heat of
&4 554 g?ﬁmgnts el result of these processes. formation wathin Earth’s interior contribute to
; themmnal convection in the marntle.
pieces and move thern around.
ESS2B Maps show where things mhﬂitagzy:gilofwtm] f;;g’r Plate tectonics isthe unifying theory
Plate tectonics | are located One can map andm 1 ; Ma 4 b that explains movements of rocks at
and large-scale | the shapes and kinds of o d“‘& ﬁgf:feauisesﬁnnd 5 Farth’s surface and geological history.
system land and water injany : ; IMaps are used to display evidence of
: : determine patternsin those
interactions area. Eoits plate movernent.
&I.-‘-‘JLIPI{LIS
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Key Design Considerations

Crosscutting Concept Statements

« Derived from the Framework

« Explain the crosscutting concepts important to emphasize in each
grade band.

« An individual PE only includes a single crosscutting concept, but
teachers are encouraged to make other connections.

— The intent of the PE is to demonstrate the specific CCC for which
students will be held accountable in state-wide assessments, not
to limit instruction.

— Aspects of the Nature of Science are included but are not
additional content. They are meant to show how the NOS applies
to specific PEs.

— The intersection of the 3 dimensions is NOT intended to limit
Instruction or classroom (formative and summative) assessment.

NEXT GENERATION
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MS-ESS1 Earth’s Place in the Universe

MS-ESS1  Earth's Place in the Universe

Students who demonstrate understanding can:

MS-ESS1-1.

MS-ESS1-2.

MS-ESS1-3.

MS-ESS1-4.

Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases,
eclipses of the sun and moon, and seasons. [Clarification Statement: Examples of models can be physical, graphical, or conceptual.]

Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force that holds together the solar system and Milky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance along a football field or computer visualizations of elliptical orbits) or conceptual
(such as mathematical proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary: Assessment does not include
Kepler’'s Laws of orbital motion or the apparent retrograde motion of the planets as viewed from Earth.]

Analyze and interpret data to determine scale properties of objects in the solar system. [Carification Statement:
Emphasis is on the analysis of data from Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar
system objects. Examples of scale properties include the sizes of an object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs, and models.] [Assessment Boundary: Assessment does not include
recalling facts about properties of the planets and other solar system bodies. ]

Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to

organize Earth’s 4.6-billion-year-old history. [Clarification Statement: Emphasis is on how analyses of rock formations and the fossils they
contain are used to establish relative ages of major events in Earth’s history. Examples of Earth’s major events could range from being very recent (such as the
last Ice Age or the earliest fossils of homo sapiens) to very old (such as the formation of Earth or the earliest evidence of life). Examples can include the formation
of mountain chains and ocean basins, the evolution or extinction of particular living organisms, or significant volcanic eruptions.] [Assessment

Boundary: Assessment does not include recalling the names of specific periods or epochs and events within them.]

NEXT GENERATION

CIENCE

STANDARDS

Far Stiles, By Stabes




Appendix G: Crosscutting Concepts / Matrix

NGSS Crosscutting Concepts*

2 Scale, Propostion, and Guastily - In considering pheromena, it is aitical to recognize what is relevant at differert size, time, and energy scales, andto recognize
proportional relationships between different quantities as scales dhange.

K-2 Crosscutting Statements

3-5 Crosscutting Statements

6-8 Crosscutting Statements

9-12 Crosscutting Statements

= Relative scdes allow objects and events
to be compared and described (24,
bigger and srndler; hotter and colder;
Faster and slower) .

= Standard units are used to measure
length,

Matural obects and for obserable
phenomena exist from the very small to
the irrmenselylarge or from very short
to wery long time periods,

= Standard units are used to measure and
describe physical quantities such =
weigt, time, terperature, and wlume,

= Time, space, and enerqy phenomena can be
observed & various scales using models to study
systerre that are too large or too smdl,

= The observed function of natural and designed
systere may change with scde,

= Proportional relationships (e 4., speed = the
ratio of distance traveled to time taken) armong
different types of quantities provide information
about the maagnitude of properties and
processes,

= Scientific relationships can be represented
through the use of alqebraic expressions and
equations,

= Phenomenathat can be observed at one scde
rmaynot be observable at another scale,

= The significance of a phenomenon is dependent
on the scale, proportion, and quantity at which it
OCCUrS

= Somne systerrs can only be studied indirectly as

they are too small, too large, too Fast, or too

slowto obsere directly,

Patterns observable at one scale may not be

obsenable or exist at other scales.

= Lking the concept of orders of magnitude dlows

one to understand how a model 2 onescde

relates to a model & another scale,

Hagebraic thinking is used to examine scientific

data and predict the effect of a change in one

atiable on another (e.q., linear growth s,

exponential growth)

4. Systems and System Models -2
syskems,

system is an orqarized group of related objects or comporents; models can be used for ui

rderstanding and pradicting the behavior of

K-2 Crosscutting Statements

3-5 Crosscutting Statements

6-8 Crosscutting Statements

9-12 Crosscutting Statements

= Chjects and organisms can be
described in terms of their parts,

= Systems in the natural and designed
world hawe parts that work together,

= A system is a group of related parts
that make up awhole and can camryout
functicns its individual parts cannot,

= Asystem can be described in terms of
its cornponents and their interactions.

= Systerre mayinteract with other systemns; they
mayhawe sub-systems and be a part of larger
complex systerns,

= Models can be used to represent systems and
their interactions—such as inputs, processes and
outputs—and enerqy, mater, and information
Aows within systems.,

= Models are limited in that theyonly represent
cemtain aspects of the systern under study.

Sieterns can be designed to do specific tasks,
When inwestig &ing or describing a system, the
boundaries and initial conditions of the system
nead to be defined and their inputs and outputs
andyzed and described using models.
= [Madels (2.q., physical, mathematical, computer
rodels) can be used to sirul 2te systers and
interactions—including enerqy, mater, and
information Rows—within and between systers
2 different scdes,
= Models can be used to predict the beh avior of a
systemn, but these predictions have lirited
precision and reliability due to the assumptions
and approximations inherent in models,
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Appendix Documents

» Appendices have been added to support the NGSS in response to feedback
» Appendix A — Conceptual Shifts

Appendix B — Responses to May Public Feedback

Appendix C — College and Career Readiness (Coming Soon)

Appendix D — All Standards, All Students

Appendix F — Science and Engineering Practices

Appendix G — Crosscutting Concepts

Appendix H — Nature of Science

Appendix | — Engineering Design in the NGSS

Appendix J — Science, Technology, Society, and the Environment

Appendix K — Model Course Mapping in Middle and High School
(Coming Soon)

» Appendix L — Connections to CCSS-Mathematics

» Appendix M — Connections to CCSS-ELA Literacy

SCIENCE

Far Stiles, By Shabed
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Appendix D — All Standards, All Students

Case studies represent science disciplines across grade levels
(coming soon):

economically disadvantaged students — 9 grade chemistry

students from major racial and ethnic groups — 8™ grade life
science

students with disabilities — 6™ grade space science

students with limited English proficiency — 2" grade earth
science

gender — 3'Y grade engineering

students in alternative education programs — 10 and 11t
grade chemistry

gifted and talented students — 4t grade life science

NEXT GENERATION
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Appendix H: Nature of Science

Owverview

One goal of science education 1sto help students understand the nature of scientific knowledge. This matniz presents eight major themes and grade level
understandings about the nature of science. Four themes extend the scentific and engineenng practices and four themes extend the crosscutting concepts. These
eight themes are presented in the left column. The matnx describes learning outcomes for the themes at grade bands for K-2, 3-5, middle school, and high
school. Appropnate learning outcomes are expressed in selected performance expectations and presented in the foundati on boxes throughout the standards.

Understandings about the Nature of Science

Categories K-2 3-5 Middle School High School
Scientific = Sdence imestigaticrs = Sgerce methods are determined | » Sdence investiqatiors wse a variety of methods and | = Science imvestigations wse dverse methods and do not always use the
Investigations Use a begn with a question. by questicrs. tocls to make measurements and cbservaticre . same set of procedures to cbtain data,
Yariety of Methods = Sdence wses diferert = SHence irvestigatiors wse a = SHence irvestigatiors are guidad by a set of walues = New tedhnclogies advance sciertific knowledge

ways to study the word,

wariety of methods, todls, and
techrigues.

to erewre acouracy of me aswremerts, cbservations,
and obje divity of indngs.

= Sgence deperds on evaluating propased
explanatiors,

= Sgertific values function as ariteria in distinguishing
between sdence and morrsdence,

= Sciertificinguiry is characterized by a commaon set of values that
include; loqical thirking, predsion, operrmindedress, cbiedivty,
skeptidsm, replicakility of resuts, and horest and ethical reporting of
firdinas.

The dscourse practices of sdence are crgarized around dsciplinary
domairs that share exemnplars fioe making dedsicns regarding the
walues, irstruments, methods, models, and evidence to adopt and wee,
Sciertific imestigatiors 1se a variety of methods, todls, and
techriques to revise and produce rew knoaedge.

Scientific Knowledge

= Sgentists lock for

= Sgence findngs are based on

= Shence krowledge is based upon logical and

Science knoaledge is based on empirical evidence,

is Based on Empirical pattems and ceder when recogrizing patterre, conceptual corrections between evidence and = Science dsciplines share common rues of evidence wsed to evduate
Evidence making cbe ervations = Sdence uses tocdls and explanatiors, explanaiors about natural systems,
about the world, technaologies to make acourate = Sgence disciplines share common rdes of cbtairing | = Science includes the process of coordinating patterre of evidence with
measwremerts and ard evaluating empirical eviderce, aurrert thecey,
cbeervatiors . = Science agumerts are strengthered by mutiple limes of evidence
supperting a singe explanation.
Scientific Knowledqe |=* Sdence knoaedge can = Sgence explanatiors canchange | » Sdertific explanatiors are subjedt to revision and = Sciertific explanations can be probabilistic,
is Open to Revision in change when rew based on rew eviderce, improvemert in light of ew eviderce, = Most sciertific knowledae is quite durable but is, in prindple, subject
Light of New Evidence irformn ation is found, = The certairty and drakility of science findngs to change based on rew evidence andfor reinterpretation of existing

vaies.
= Sherce findnags are frequertlyrevised and/or
reinterpreted based on rew evidence .

evidence,

Sciertific argumentationis a mode of logical dscowrse wsed to clarify
the strength of relaticrships bebween ideas and evidanos that may
resut in revision of an explanaticn,

Science Models, Laws,
Mechanisms, and
Theories Explain
Natural Phenomena

Sdence Lses drawings,
sketdhes, and models as
a way to communicate
ideas.

Sdence searches for
cawse and effect
relatiorships to explain
natuwral everts,

= SHerce thecries are basedon a
body of evidence and many
tests,

= Sdence explanatiors desaribe
the mecharisms for natural
everts,

= Thecries are explanations for cbservable
phenomena.

= Sgence thecries are based on a body of evidence
developed over time,

= Lans are regd arities or mathematical desariptices of
natural phenomena.

= Ahpcthesis is wsed by sdertists as an idea that
may contribute import ant rew knowledge for the
evaluation of a sciertific thecey,

= The term "theony” as usedin sdence is very dfferert
from the common wse outside of sdence,

Thecries and laws provide explanatiore in sdence, but thecries do ot

with time become laws o Facts.,

& sdertific theory is a subst artiated explanation of some asped of the

ratural wedd, based on a body of Fads that has been repeatedy

corfitmed through cbe ervation and experiment, and the science

commurit y validates each thecry before it is accepted. If rew

evidence is discovered that the thecry does nat accommadate, the

theory is qererallymodfied in light of this rew evidence,

= Models, mechanisms, and explanaticrs callectively sere as todls in
the dewelopment of a sciertific thecey.

= Laws are statements cv descripticns of the relaticrships amomg
cbservable pheromena.

= Sciertists often wse hypotheses to develop and test thecries and

explangiors.
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2.Interdependent Relationships in Ecosystems

2.Interdependent Relationships in Ecosystems

Students who demonstrate understanding can:

2-LS2-1. Plan and conduct an investigation to determine if plants need sunlight and water to grow. [sssessmentBoundary: Assessment
is limited to testing one variable at a time. ]

2-LS2-2. Develop a simple model that mimics the function of an animal in dispersing seeds or pollinating plants.*

2-LS4-1. Make observations of plants and animals to compare the diversity of life in different habitats. [Clarification Statement:
Emphasis is on the diversity of living things in each of a variety of different habitats.] [Assessment Boundary: Assessment does not include specific animal and plant
hames in specific habitats. ]

The performance expectations above were developed using the following el ments from the NRC document A Samework Br K-12 Sciance Education:

Science and Engineering Practices Disciplinary C Crosscutting Concepts

=

Developing and Using Models LS2.A: Interdependent Relationships in Ecosystems Cause and Effect

Modeling in K—=2 builds on prior experiences and progresses to = Plants depend on water and light to grow. (21.52-1) = Events have causes that generate

include using and developing models (i.e., diagram, drawing, = Plants depend on animals for pollination or to move their seeds observable patterns. (2-L.52-1)

physical replica, diorama, dramatization, or storyboard) that around. (2-L52-2) Structure and Function

represent concrete events or design solutions. LS4.D: Biodiversity and Humans = The shape and stability of structures

= Develop a simple model based on evidence to represent a = There are many different kinds of living things in any area, and of natural and designed objects are

proposed object or tool. (2-LS2-2) they exist in different places on land and in water, {2-LS4-1) related to their function{s). (2-L52-2)

Planning and Carrying Out Investigations ETS1.B: Developing Possible Solutions

Planning and carrying out investigations to answer guestions or = Designs can be conveyed through sketches, drawings, or

test solutions to problems in K=2 builds on prior experiences and physical models. These representations are useful in

progresses to simple investigations, based on fair tests, which communicating ideas for a problkem'’s solutions to other people.

provide data to support explanations or design solutions. (secondary to 24 82-2)

= Plan and conduct an investigation collaboratively to produce
data to serve as the basis for evidence to answer a
question. (2-LS2-1)

= Mzke observations (firsthand or from media) to collect data

which can be used to make comparisons. (2-L54-1)

Commections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence
= Scientists look for pattems and order when making
L Observations about the world. (2-L54-1)

Motha’ DCis i1 second grade. NfA /

Articuiation of DCTs o0 T51.C (2-L52-1); K-ESS3.A (2-152-1); K.ETS1.A (2-.52-2); 3.LS4.C (2-154-1); 3.L.54.D (2-.54-1); 5.LS1.C (2-L52-1); 5.L52.A (2152
2), (2-L54-1)

Cormon Core State Standards Cornections:

ELAA fteracy —

W.2.7 Participate in shared research and writing projects {e.q., read a number of books on a single topic to produce a report; record science observations). (2-LS2-1),(2-LS4-1)

w.2.8 Recall information from experiences or gather information from provided sources to answer a question. (2-LS2-1),(2-LS4-1)

SL.2.5 Create audio recordings of stories or poems; add drawings or other visual displays to stories or recounts of experiences when appropriate to clarify ideas, thoughts, and
feelings. (24522}

Mathematics —

MP.2 Reason abstractly and quantitatively, (2452-1) (2454-1)

MP.4 Mode| with mathematics, (24 82-1 ), (24 S2-2), (P4 541}

MP.5 Use appropriate tools strategically, @<L82-1)

2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories. Solve simple put-together, take-apart, and compare
problems. (2452-2), (24 54-1}




Appendix |I: Engineering Design in the NGSS

Grades K-2

Engineeting designin the earliest grades introchuces students to “problems” as situations that
people warnt to change. They canuse tools and materials to solve simple problems use different
representations to convey solutions, and compare different solutions to a problem and determine
whichisbest. Studentsin all grade levels are not expected to come up with original solutions,
although original solutions are always welcome. Emphasis is on thinking through the needs or
goalsthat needto bemet, and which solutions best meet those needs and goals.

lmpeas
problems that can
besolvedtirough

SENeaMp

visual o plorsical
represatations

UETILA Y SULLELY.

Performance Expectations That Incorporate Engineering Practices

Physical Science Life Science Earth and Space Engineering
Science
K |K-P32-2 K-E333-2 K-2-ET31-1
K-P33-2 K-ES53-3 K-2-ET31-2
1 |1-Ps544 1-LS1-1 K-2-ET31-3
2 2-P51-2 2-152-2 2-E532-1
3 3-P32-4 31344 3-E533-1 3-5-ET51-1
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K-PS2 Motion and Stability: Forces and Interactions

K-PS2 Motion and Stability: Forces and interactions

Students who demonstrate understanding can:

K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes

and puIIs on the motion of an object. [Clarification Statement: Examples of pushes or pulls could include a string attached to an object being pulled,
a person pushing an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.] [Assessment Boundary: Assessment is limited to
different relative strengths or different directions, but not both at the same time. Assessment does not include non-contact pushes or pulls such as those produced by

magnets.]

K-PS2-2.

Analyze data to determine if a design solution works as intended to change the speed or direction of an object

with a push ora puII.* [Clarification Statement: Examples of problems requiring a solution could include having a marble or other object move a certain
distance, follow a particular path, and knock down other objects. Examples of solutions could include tools such as a ramp to increase the speed of the object and a
structure that would cause an object such as a marble or ball to turn.] [Assessment Boundary: Assessment does not include friction as a mechanism for change in

speed.]

The performance expectations above were developed using the following elements from the NRC document 4 Famework for K-12 Science Education.

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or
test solutions to problems in K-2 builds on prior experiences
and progresses to simple investigations, based on fair tests,
which provide data to support explanations or design solutions.
= With guidance, plan and conduct an investigation in
collaboration with peers. (K-PS2-1)
Analyzing and Interpreting Data
Analyzing data in K-2 builds on prior experiences and
progresses to collecting, recording, and sharing observations.
= Analyze data from tests of an object or tool to determine if
it works as intended. (K-PS2-2)

Connections to Nature of Science

Scientific Investigations Use a Variety of Methods

PS2.A: Forces and Motion
= Pushes and pulls can have different strengths and directions. (K-
PS2-1),(K-P52-2)
= Pushing or pulling on an object can change the speed or direction
of its motion and can start or stop it. (K-PS2-1),(K-PS2-2)
PS2.B: Types of Interactions
= When objects touch or collide, they push on one another and can
change motion. (K-PS2-1)
PS3.C: Relationship Between Energy and Forces
= Abigger push or pull makes things go faster. (secondary to K-PS2-
1}
ETS1.A: Defining Engineering Problems
= Asituation that people want to change or create can be
approached as a problem to be solved through engineering. Such
problems may have many acceptable solutions. {secondary to K-
P52-2}

Crosscutting Concepts

Cause and Effect

Simple tests can be designed to
gather evidence to support or refute
student ideas about causes. (K-PS2-
1),(K-PS2-2)

= Science uses different ways to study the world. (K-PS2-1)




Appendix J: Science, Technology, Society, and the Environment

The foll owing matrix summarizes how the two core ideas discussed in this chapter progress
across the grade levels.

1. Irterdependence of Science, Engineerinig. and Technology

K-2 Connections 3-5 Connections 6-8 Connections 9-12 Connections
Statements Statements Statements Statements
» Science and engineering | ¢+ Sdence and techndogy | e Enginesring advances have + Science and engineering
invalve the use of todls support each other, led to impor tant disooveries in complement each other in the
to observe and measure |« Tods and instruments virtually every field of science cycle known as research and
things. are used to answer and sciertific discoveries have development (RED),
srienfific questions, led to the developrnent of s Mary RED projects may
while scienfific entire industries and irvaolve scientists, enginesrs,
discoveries lead 1o the enginesred systems., and others with wide ranges of
developrnent of new s Srience and techrology drive expertize,
techndoges. gach ather forward,

2, Influence of Erygineeringg, Tedhnology, and Sdence on Saciety and the Aatural World'

K-2 Connections 3-5 Connections 6-8 Connections a-12 Connections
Statements Statements Statements Statements

& Every humnar-made + People’s needs and « Al huran adivity draws on « Modern dvilization depencs on
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Appendix K: Model Course Mapping in Middle and High School (coming soon)

Maodified Science Domains Model (8-12)

Biology Chemistry Physics
H5-L51-a H5-P51-a H5-PS2-a
ISLA H5-151-b H5-P51-b PS4 H5-P52-b
HE-L51-C HS-P51-C HS-PS2-C
H5-151-d PSLA H5-P52-f ps3B H5-P52-d
HE-L51-8 Hs-P51-d ) HS-PS2-2
R T H5-P5Lj [hsesig |
H5-L51-g H5-P53-g PS2.C H5-P52-b
H5-L53-C H5-P51-e H5-PS2-C
H5-151-h H5-P51-f H5-PS3-a
H5-L51-i P5L.B H5-P51-E P53.4 H5-P53-b
H5-151+j H5-P51-h H5-PS3-C
LSLC H5-Ls2-d H5-P51-i H5-PS3-3
H5-152-g Ps2.C H5-PS1-E PS3.B H5-P53-b
H5-L52-8 P53.B HS-P53-d
HS-LS2-C P53.0 HS-P53-d H5-P53-f
51D H5-151-k E5SS2.C H5-E552-i P53.C H5-PS3-
H5-151- H5-ES52-j H5-PS3-3
A e Eeare e
- 1 -C
Eee Sl — e
H5-L51- HS-ES53-g H5-P54-a
528 Hs-Ls2-d H5-E553-h H5-P54-8
H5-152-g ESS3.A HS-E553-3 P54.B H5-P5a-f
H5-152-8 H5-Es53-b H5-PS4-p
H5-152-f H5-E553-i H5-P54-h
H5-152-h ESS3.D HS-ES53-¢ H5-E551-h
5.0 HS-I_il-? H5-ES53-h ESSLA HS-ES51-C
HE-152-) HS-ES51-3
H5-L52-b HS5-ES51-d
Ls2.0 H5-Ls2-k H5-ES51-8
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Appendix L: Connections to Common Core Mathematics (coming soon)
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S5.ESP Earth Surface Processes

As part of this work, teachers should give students opportunities to use the coordinate plane:

5.G.2. Represent real world and mathematical problems by graphing points in the first
quadrant of the coordinate plane, and interpret coordinate values of points in the context of
the situation. Science example: Plot monthly data for high and low temperatures in two
locations, one coastal and one inland (e.g., San Francisco County vs. Sacramento). What
patterns do you see? How can the influence of the ocean be seen in the observed patterns?

Alignment notes: (1) Trends in scatterplots and patterns of association in two-way tables are not
expected until Grade 8.

5.SS Space Systems: Stars and the Solar System

As part of this work, teachers should give students opportunities to use the coordinate plane:

5.G.2. Represent real world and mathematical problems by graphing points in the first
quadrant of the coordinate plane, and interpret coordinate values of points in the context of
the situation. Science examples: (1) Over the course of a year, students compile data for
the length of the day over the course of the year. What pattern is observed when the data
are graphed on a coordinate plane, and how can a model of the sun and Earth explain the
pattern? (2) Students are given (x,v) coordinates for the Earth at six equally spaced times
during its orbit around the sun (with the sun at the origin). Students graph the points to
show snapshots of Earth’s motion through space.
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What's Next for Arizona?




NGSS Released April 9, 2013
Now what? re

The State Board of Education must adopt the NGSS
before they become Arizona’s Science Standards.

1. Review complete standards and appendix documents.

2. Determine PD needs and support materials needed for
Implementation.

3. Determine adoption and implementation timeline.

4. Determine assessment requirements and assessment
timeline. (Anticipate current AIMS science through Spring
2016, possibly longer)

5. Collect feedback and determine support for adoption.



Issues to Address before Adoption

 How will grade band standards be
addressed in middle and high school?

— All standards, all students!

» WIll decisions impact certification
requirements?

* Which grades will be assessed?
— All standards, all students?

« What will the assessment look like?



Changes to make for 2013/14

Adjust instruction of 2004 Arizona Science
Standard to meet vision of Framework/NGSS

1. Emphasize the interconnected nature of science and engineering as it
IS practiced and experienced in the real world.

Provide student performance expectations, not curriculum
Build science concepts coherently from K-12

Focus on deeper understanding and application of content
Integrate science and engineering K-12

Prepare all students for college, career, and citizenship

N o 0o bk WD

Integrate Arizona’s Common Core Standards (English Language Arts
and Mathematics).

See Appendix A for more detalls



http://www.nextgenscience.org/sites/ngss/files/Appendix A - 4.11.13 Conceptual Shifts in the Next Generation Science Standards.pdf

K-PS2 Motion and Stability: Forces and Interactions

K-PS2 Motion and Stability: Forces and interactions

Students who demonstrate understanding can:

K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes

and puIIs on the motion of an object. [Clarification Statement: Examples of pushes or pulls could include a string attached to an object being pulled,
a person pushing an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.] [Assessment Boundary: Assessment is limited to
different relative strengths or different directions, but not both at the same time. Assessment does not include non-contact pushes or pulls such as those produced by

magnets.]

K-PS2-2.

Analyze data to determine if a design solution works as intended to change the speed or direction of an object

with a push ora puII.* [Clarification Statement: Examples of problems requiring a solution could include having a marble or other object move a certain
distance, follow a particular path, and knock down other objects. Examples of solutions could include tools such as a ramp to increase the speed of the object and a
structure that would cause an object such as a marble or ball to turn.] [Assessment Boundary: Assessment does not include friction as a mechanism for change in

speed.]

The performance expectations above were developed using the following elements from the NRC document 4 Famework for K-12 Science Education.

Science and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to answer questions or
test solutions to problems in K-2 builds on prior experiences
and progresses to simple investigations, based on fair tests,
which provide data to support explanations or design solutions.
= With guidance, plan and conduct an investigation in
collaboration with peers. (K-PS2-1)
Analyzing and Interpreting Data
Analyzing data in K-2 builds on prior experiences and
progresses to collecting, recording, and sharing observations.
= Analyze data from tests of an object or tool to determine if
it works as intended. (K-PS2-2)

Connections to Nature of Science

Scientific Investigations Use a Variety of Methods

PS2.A: Forces and Motion
= Pushes and pulls can have different strengths and directions. (K-
PS2-1),(K-P52-2)
= Pushing or pulling on an object can change the speed or direction
of its motion and can start or stop it. (K-PS2-1),(K-PS2-2)
PS2.B: Types of Interactions
= When objects touch or collide, they push on one another and can
change motion. (K-PS2-1)
PS3.C: Relationship Between Energy and Forces
= Abigger push or pull makes things go faster. (secondary to K-PS2-
1}
ETS1.A: Defining Engineering Problems
= Asituation that people want to change or create can be
approached as a problem to be solved through engineering. Such
problems may have many acceptable solutions. {secondary to K-
P52-2}

Crosscutting Concepts

Cause and Effect

Simple tests can be designed to
gather evidence to support or refute
student ideas about causes. (K-PS2-
1),(K-PS2-2)

= Science uses different ways to study the world. (K-PS2-1)

SCO00-S5C3: Energy and Magnetism

Investigate different forms of energy.

PO 1. Investigate how applied forces (push and pull) can make things move.




1-ESS1 Earth’s Place in the Universe

1-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:
1-ESS1-1. Use observations of the sun, moon, and stars to describe patterns that can be predicted. [Clarification Statement: Examples
of patterns could include that the sun and moon appear to rise in one part of the sky, move across the sky, and set; and stars other than our sun are visible at night
but not during the day.] [Assessment Boundary: Assessment of star patterns is limited to stars being seen at night and not during the day.]
1-ESS1-2. Make observations at different times of year to relate the amount of daylight to the time of year. [Clarification
Statement: Emphasis is on relative comparisons of the amount of daylight in the winter to the amount in the spring or fall.] [Assessment Boundary: Assessment is
limited to relative amounts of daylight, not quantifying the hours or time of daylight.]

The performance expectations above were developed using the following elements from the NRC document A Aamework for K-12 Science Education:.

Science and Engineering Practices plin. re Idea Crosscutting Concepts
Planning and Carrying Out Investigations ESS1.A: The Universe and its Stars Patterns
Planning and carrying out investigations to answer questions or = Patterns of the motion of the sun, moon, and stars in = Patterns in the natural world can be
test solutions to problems in K—=2 builds on prior experiences and the sky can be observed, described, and predicted. (1- observed, used to describe phenomena, and
progresses to simple investigations, based on fair tests, which ESS1-1) used as evidence. (1-ESS1-1),(1-ESS1-2)
provide data to support explanations or design solutions. ESS1.B: Earth and the Solar System
= Make observations (firsthand or from media) to collect data = Seasonal patterns of sunrise and sunset can be
that can be used to make comparisons. (1-ESS1-2) observed, described, and predicted. (1-ESS1-2) Connections to Nature of Science
Analyzing and Interpreting Data
Analyzing data in K-2 builds on prior experiences and progresses to Scientific Knowledge Assumes an Order and
collecting, recording, and sharing observations. Consistency in Natural Systems
= Use observations (firsthand or from media) to describe patterns = Science assumes natural events happen today
in the natural world in order to answer scientific questions. (1- as they happened in the past. (1-ESS1-1)
ESS1-1) = Many events are repeated. (1-ESS1-1)

SCO01-S6C2: Objects in the Sky Identify objects in the sky.
PO 1. Identify evidence that the Sun is the natural source of heat and light on the Earth (e.g., warm surfaces,
shadows, shade).

PO 2. Compare celestial objects (e.g., Sun, Moon, stars) and transient objects in the sky (e.g., clouds, birds,
airplanes, contrails).

PO 3. Describe observable changes that occur in the sky, (e.g., clouds forming and moving, the position of the
Moon).



4-ESS3 Earth and Human Activity

4-ESS3 Earth and Human Activity
Students who demonstrate understanding can:
4-ESS3-1. Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses
affect the environment. [Clarification Statement: Examples of renewable energy resources could include wind erergy, water behind dams, and sunlight; non-
renewable energy resources are fossil fuels and fissile materials. Examples of environmental effects could include loss of habitat due to dams, loss of habitat due to
surface mining, and air pollution from burning of fossil fuels. ]
4-ESS3-2. Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans.* [Clarification
Statement: Examples of solutions could include designing an earthquake resistant building and improving monitoring of volcanic activity. ] [Assessment Boundary:
Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions. ]

Science and Engineering Practices ' as Crosscutting Concepts

Obtaining, Evaluating, and Communicating ESS3.A: Natural Resources Cause and Effect
Information = Energy and fuels that humans use are derived from natural sources, = Cawse and effect relationships are

SCO04-S4C3: Organisms and Environments
Understand the relationships among various organisms and their environment.
PO 1. Describe ways various resources (e.g., air, water, plants, animals, soil) are utilized to meet the needs of a population.

PO 2. Differentiate renewable resources from nonrenewable resources.
PO 3. Analyze the effect that limited resources (e.g., natural gas, minerals) may have on an environment.

PO 4. Describe ways in which resources can be conserved (e.g., by reducing, reusing, recycling, finding substitutes).

engineering. (4-E553-1)
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SC04-S3C1: Changes in Environments
Describe the interactions between human populations, natural hazards, and the environment.
PO 1. Describe how natural events and human activities have positive and negative impacts on environments (e.g., fire, floods, pollution, dams).

or develop new ones to increase their
benefits, to decrease known risks, and to

SCO04-S3C2: Science and Technology in Society Understand the impact of technology.

PO 2. Describe benefits (e.g., easy communications, rapid transportation) and risks (e.g., pollution, destruction of natural resources) related to the use of
technology.

PO 3. Design and construct a technological solution to a common problem or need using common materials.



5-PS1 Matter and Its Interactions

5-PS1 Matter and Its Interactions

Students who demonstrate understanding can:

5-PS1-1. Develop a model to describe that matter is made of particles too small to be seen. [Clarification Statement: Exarmples of
evidence could include adding air to expand a basketball, compressing air in a syringe, dissolving sugar in water, and evaporating salt water.] [Assessment
Boundary: Assessment does not include the atomic-scale mechanism of evaporation and condensation or defining the unseen particles. ]

5-PS1-2. Measure and graph quantities to provide evidence that regardless of the type of change that occurs when
heating, cooling, or mixing substances, the total weight of matter is conserved. [Clarification Statement: Examples of reactions
ar changes could include phase changes, dissolving, and mixing that forms new substances. ] [Assessment Boundary: Assessment does not include distinguishing
mass and weight. ]

5-PS1-3. Make observations and measurements to identify materials based on their properties. [Carification Statement: Examples of
materials to be identified could include baking soda and other powders, metals, minerals, and liquids. Examples of properties could include color, hardness,
reflectivity, electrical conductivity, thermal conductivity, response to magnetic forces, and solubility; dersity is not intended as an identifiable property.] [Assessment
Bourdary: Assessment does not include dersity or distinguishing mass and weight.]

5-PS1-4. Conduct an investigation to determine whether the mixing of two or more substances results in new substances.

The performance expectations above were Ideve loped using the following elements from the NRC document. 4 Framlemk for K-12 Sclerice Eqieation:

Students are able to describe that matter is made of particles too small to be seen
through the development of a model. Students develop an understanding of the
idea that regardless of the type of change that matter undergoes, the total weight of
matter is conserved. Students determine whether the mixing of two or more
substances results in new substances.

SCO05-S5C1: Properties and Changes of Properties in Matter
Understand physical and chemical properties of matter.
PO 1. Identify that matter is made of smaller units called:

. molecules (e.g., H,0, CO,)
. atoms (e.g., H, N, Na)

PO 2. Distinguish between mixtures and compounds.

PO 3. Describe changes of matter:
. physical — cutting wood, ripping paper, freezing water
. chemical — burning of wood, rusting of iron, milk turning sour




MS-ESS1 Earth’s Place in the Universe

MS-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:

MS-ESS1-1.

MS-ESS1-2.

MS-ESS1-3.

MS-ESS1-4.

Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases,
eclipses of the sun and moon, and seasons. [Clarification Statement: Examples of models can be physical, graphical, or conceptual.]

Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system.
[Clarification Statement: Emphasis for the model is on gravity as the force that holds together the solar system and Milky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance along a football field or computer visualizations of elliptical orbits) or conceptual
(such as mathematical proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary: Assessment does not include
Kepler's Laws of orbital motion or the apparent retrograde motion of the planets as viewed from Earth.]

Analyze and interpret data to determine scale properties of objects in the solar system. [Carification Statement:
Emphasis is on the analysis of data from Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar
system objects. Examples of scale properties include the sizes of an object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs, and models.] [Assessment Boundary: Assessment does not include
recalling facts about properties of the planets and other solar system bodies.]

Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to

organize Earth’s 4.6-billion-year-old history. [Clarification Statement: Emphasis is on how analyses of rock formations and the fossils they
contain are used to establish relative ages of major events in Earth’s history. Examples of Earth’s major events could range from being very recent (such as the
last Ice Age or the earliest fossils of homo sapiens) to very old (such as the formation of Earth or the earliest evidence of life). Examples can include the formation
of mountain chains and ocean basins, the evolution or extinction of particular living organisms, or significant volcanic eruptions.] [Assessment

Boundary: Assessment does not include recalling the names of specific periods or epochs and events within them.]

SCO07-S6C3: Earth in the Solar System Understand the relationships of the Earth and other objects in the solar system.

PO 1. Explain the phases of the Moon in terms of the relative positions of the Earth, Sun, and Moon.

PO 2. Construct a model for the relative positions of the Earth, Sun, and Moon as they relate to corresponding eclipses.

PO 3. Explain the interrelationship between the Earth’s tides and the Moon.

PO 4. Explain the seasons in the Northern and Southern Hemispheres in terms of the tilt of the Earth’s axis relative to the
Earth’s revolution around the Sun.

PO 5. Identify the following major constellations visible (seasonally) from the Northern Hemisphere:
*Orion *Ursa Major (Great Bear) *Cygnus  *Scorpius *Cassiopeia

PO 6. Explain the relationship among common objects in the solar system, galaxy, and the universe.




MS-LS3 Heredity: Inheritance and Variation of Traits

MS-LS3 Heredity: Inheritance and Variation of Traits

Students who demonstrate understanding can:

MS-LS3-1. Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may
affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the
organism. [Clarification Statement: Emphasis is on conceptual understanding that changes in genetic material may result in making different proteins.]
[Assessment Boundary: Assessment does not include specific changes at the molecular level, mechanisms for protein synthesis, or specific types of mutations.]

MS-LS3-2. Develop and use a model to describe why asexual reproduction results in offspring with identical genetic
information and sexual reproduction results in offspring with genetic variation. [Clarification Statement: Emphasis is on using
models such as Punnett squares, diagrams, and simulations to describe the cause and effect relationship of gene transmission from parent(s) to offspring and
resulting genetic variation. ]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices ; Disciplinary Core Ideas , rosscutting
Developing and Using Models LS1.B: Growth and Development of Organisms Cause and Effect
Modeling in 6-8 builds on K-5 experiences and = Organisms reproduce, either sexually or asexually, and transfer = Cause and effect relationships may be used to
progresses to developing, using, and revising models their genetic information to their offspring. (secondary to MS- predict phenomena in natural systems. (MS-LS3-
to describe, test, and predict more abstract 1L53-2) 2)
phenomena and design systems. LS3.A: Inheritance of Traits Structure and Function
= Develop and use a model to describe phenomena. = Genes are located in the chromosomes of cells, with each = Complex and microscopic structures and systems
(MS-LS3-1),(MS-LS3-2) chromosome pair containing two variants of each of many can be visualized, modeled, and used to describe
distinct genes. Each distinct gene chiefly controls the production how their function depends on the shapes,
of specific proteins, which in tumn affects the traits of the composition, and relationships among its parts,
individual. Changes (mutations) to genes can result in changes therefore complex natural and designed
to proteins, which can affect the structures and functions of the structures/systems can be analyzed to determine
organism and thereby change traits. (MS-LS3-1) how they function. (MS-LS3-1)
= Variations of inherited traits between parent and offspring arise

SC08-S4C2: Reproduction and Heredity  Understand the basic principles of heredity.

PO 1. Explain the purposes of cell division:
. growth and repair
o reproduction

PO 2. Explain the basic principles of heredity using the human examples of:
o eye color

o widow’s peak

o blood type

PO 3. Distinguish between the nature of dominant and recessive traits in humans.




HS-LS3 Heredity: Inheritance and Variation of Traits

HS-LS3 Heredity: Inheritance and Variation of Traits

Students who demonstrate understanding can:
HS-LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for

characteristic traits passed from parents to offspring. [Assessment Boundary: Assessment does not include the phases of meiosis or the
biochemical mechanism of specific steps in the process.]

HS-LS3-2. Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic
combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by
environmental factors. [Clarification Statement: Emphasis is on using data to support arguments for the way variation occurs.] [Assessment Boundary:
Assessment does not include the phases of meiosis or the biochemical mechanism of specific steps in the process. ]

HS-LS3-3. Apply concepts of statistics and probability to explain the variation and distribution of expressed traits in a

population. [Clarification Statement: Emphasis is on the use of mathematics to describe the probability of traits as it relates to genetic and environmental
factors in the expression of traits.] [Assessment Boundary: Assessment does not include Hardy-Weinberg calculations.]

The performance expectations above were developed usina the followina elements from the NRC document, A Framework for K-12 Science Educatior:.

SCHS-S4C2: Molecular Basis of Heredity

Understand the molecular basis of heredity and resulting genetic diversity.
PO 1. Analyze the relationships among nucleic acids (DNA, RNA), genes, and chromosomes.

PO 2. Describe the molecular basis of heredity, in viruses and living things, including DNA replication and
protein synthesis.

PO 3. Explain how genotypic variation occurs and results in phenotypic diversity.

PO 4. Describe how meiosis and fertilization maintain genetic variation.
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